Least-Squares Polynomial Filters for Ill-Conditioned Linear Systems by Erhel, Jocelyne et al.
Least-Squares Polynomial Filters for Ill-Conditioned
Linear Systems
Jocelyne Erhel, Fre´de´ric Guyomarc’H, Yousef Saad
To cite this version:
Jocelyne Erhel, Fre´de´ric Guyomarc’H, Yousef Saad. Least-Squares Polynomial Filters for Ill-
Conditioned Linear Systems. [Research Report] RR-4175, INRIA. 2001. <inria-00072447>
HAL Id: inria-00072447
https://hal.inria.fr/inria-00072447
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Least-squares polynomial filters
for ill-conditioned linear systems




















































































ÓÔÕ<Ö§×MØBÙ¸Ù~ÔÕÛÚ<ÜÝÞ ßﬁÚMà¸ÜâáãäQÕÛå¼ß§æ1Ü×MÜç$ÕÛèÄàPé%êèÜâØBë¸Ý¸ÜÕ2ìÕMç$ë Úíäî$íä%äí¼ïð)ñóòò)ñÄï°ñµò$ô õögç$ëBÝ-Þ ßﬁÚMàBÜ
÷âøùë¸ë¸Ü×MÔ$ÚMçãLØ¸Ù~ÜÕÛèÔåÙBØBÚMÜÕ%úóë¸×<Ú<ø ÚMØLÚMÜû
ü
úµæúÛãLäî)úµýQæ1úóä¼þzá%æPæÜë¸ë¸Ü×þ~ßÔLèÜ  ßBëBÜ û 
Õ<àBÜ QøùëBÕ<ø çBû wÕþ~à ÚÛÚMÙ îî
			û øùÕ<øù×MçBû oÕMî$ç  ç$Ý¸øùë~î)Ù~ÜÕÛ×MÔ.î)ÜÕ<àBÜ sû à Ú<å 

úµæ1úÛãLäHî)úµý%æúóäÆþ$á%ægæ1Üë¸ë¸Ü×}þ
uÕ<ÜÝ¸ÜÕÛøùèû QØBß Ôå2ç$Õ<èMàQøùë¸ÕÛø çBû oÕþ à.ÚÛÚ<Ù îî
			û øùÕÛøù×ÄçBû wÕÄî$ç  ç$ÝBøùë~î)Ù~ÜÕÛ×MÔ.î
wìØBß Ôå2ç$Õû à.Ú<å 

áë¸ø  ÜÕ<×<ø Úóß(ÔU÷âøùë¸ë¸Ü×<Ô$ÚÄçBþ íQÜÙuç$ÕÛÚ<åÜë.ÚYÔRÔåÙ¸ØLÚMÜÕYãLèøùÜëBèÜ ç$ë¸Ý
ë¸ìøùë¸ÜÜÕ<øùëBì¸þ¦à.ÚÛÚ<Ù îî
			1ñ
Ø¸×MÜÕÛ×}û è×}û Ø¸åë:û ÜÝBØ~îÆ×Mçç$Ý~î
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
 Uﬃ $%Qjﬁﬀﬂﬃ 
Z(,-j12ﬂj ﬃ ﬀﬃ ﬂ·*¼ﬀ,ﬃ$%ﬃ ﬀﬀ
	  














}fB|+r:|}|}v{ m.fB|+rzp{Z:)rzx  fL|+¬ur~qof.p
)|&yd)vzy














 Â ¡B  À ¤ﬀ  ¥ ﬁ mwqwt})fL|+y5vzqonxdvzemsr~p{´8egv:mwx  }fB|¼Lr~)B|.´n|}n|t}cLefL|¼erzq vzx  mWt)mwv:xdxB|.´n.zp
qorz}ms|}r~¯
t)mwv:x1´{.zp


















ms|¬:f.)-moqwqw¯° vzx  mWt)mwv:xdf  rzx  ©bdfL}ft}bdf}mozb8t¯Äb



















}frz}fmwx  ms|) )f t}f
moxn¬zfL)|}fDy






vzy5f.$rut)vzr~x  mo|¼|neef t})ms2|fLemW¯
y5v:|}mwt}mo¬zf  f.­
xdmwt}fz³jxnpde¨5f.v~®ﬃ )f.:pdqsr~)mwÅBrut}movzx  |t))r~t}f.:mwfB|b
r¸¬:fg¨5f.fLx  fB|mozxdf  t}vF)fL.vu¬zfLâr
|}vzqop{t)mwv:xU©b




qsr~)moÅLrut)mwv:x?ef t)bdv  |ms|ât)vF|v:qw¬:ft)bdf§|}n|t}fLe r:. p
)r~t}f.qoFv:xdqw?mwx"t)bdf§|moxd:pdqorz|yrz fﬁr:|}|}v{ msrut}f 
©mwt}b?t}bdfgqsr~)zf|}moxdzpdqsr~D¬ur~qopdfL|¹©bdmoqwf}fLevu¬8moxd-vz¹}f  p






























































































































































































































v  ³>ﬀDpdevzt}mo¬¸r~t}movzx²mo|t}v  f.¬:f.qovzy¶r
t)fL$bdx
mo»8pdft}b





 t)|L³+tt}bdfZ|)r~eft)mwefz´©+fﬁ©¼v:pdq  qwmzft)bdf§mwt}f.$rut)mwv:x"yv:qwnxdv:egmsr~qÆv~®&t}bdf
ef.t}bdv  ´t)v-emoemot}bdff 5fBtv~®t)bdfﬁa)pdx























































































































































































































































































fD­qWt)f.)f  |v:qwpdt}movzx#r~x  t}bdfâ­qWt)f.)f  }mozb8t}¯Mb






























































































































































































































qorz}moÅLr~t}movzx &oBn´z~´ ( )1}fLydqsrz fB|+t}bdf|}v~¯



































































yd}v¸{moeﬁrut}movzxﬁms|&|fLq  vze  v:eydp{t}f  f.{r:t)qw¨n§r  mw)fL t+ef t)bdv  ³HÄt&mo|+mox
|t)fLr 
vz®ót}fLxFvz¨{t$r~moxdf  ¨nt}b























































































































































































































































































Tychonov filter function φρ and Piecewise Polynomial Filter function φ 
[1,1]
 
Tychonov φρ − ρ = 0.1
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PPF(m,p) − a = 0.6 − convergence of factors γ
m = 1 ; p = 1
m = 3 ; p = 1
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BLURRED AND NOISY IMAGE − A = BLUR(48,3,0.7) − σ = 0.05










DEBLURRED IMAGE A−1b− σ = 0.05
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TCG − ρ = 0.1 − A = BLUR(48,3,0.7) − σ = 0.05
error
residual
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TCG − ρ = 0.1 − A = BLUR(48,3,0.7) − σ = 0.05










PPF(1,1) − a = 0.3 − A = BLUR(48,3,0.7) − σ = 0.05
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PPF(1,1) − a = 0.2 − A = BLUR(48,3,0.7) − σ = 0.05










PPF(1,1) − a = 0.35 − A = BLUR(48,3,0.7) − σ = 0.05 PPF(1,1) − a = 0.5 − A = BLUR(48,3,0.7) − σ = 0.05
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BLURRED AND NOISY IMAGE − A = BLUR(48,3,0.7) − σ = 0.15










DEBLURRED IMAGE A−1b − σ=0.15
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TCG − A = BLUR(48,3,0.7) − σ = 0.15








TSVD − A = BLUR(48,3,0.7) − σ = 0.15
ε






















TCG − ρ = 0.2 − A = BLUR(48,3,0.7) − σ = 0.15










PPF(1,1) − a = 0.6 − A = BLUR(48,3,0.7) − σ = 0.15










TSVD − ε =  0.278 − A = BLUR(48,3,0.7) − σ = 0.15
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m = p = 1
m = 3, p = 1
m = 1, p = 3















PPF − A = BLUR(48,3,0.7) − σ = 0.15
m = p = 1 ; a = 0.6
m = 3 ; p = 1 ; a = 0.3






































































































































































































































PPF(1,1) − A = BLUR(256,5,0.7) − σ = 5













































TCG − A = BLUR(256,5,0.7) − σ = 5









































TCG − ρ = 0.05 − A = BLUR(256,5,0.7) − σ = 5






BLURRED AND NOISY IMAGE − A = BLUR(256,5,0.7) − σ = 5






PPF(1,1) − a = 0.8 − A = BLUR(256,5,0.7) − σ = 5
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